the remaining 14 patients were of a mixed type. Antoni B type alone was not observed. 15 patients showed postoperative neurological deficits. No neurological deficits were observed in 5 patients. Neurological deficits were fully recovered in all patients except the one with a lesion in the digital nerve. Apart from enucleation of nerve fascicles, the period required for the recovery of neurological deficits was correlated to the duration of the illness (p=0.04) and the histological type of the tumour (p=0.03). Conclusion. Most of the patients with neurilemmoma (95%) had a single nerve affected. A majority of patients (70%) had the mixed type of Antoni A and Antoni B histology; Antoni B type alone was not observed. Neurological deficits were observed in 75% of patients. In patients with neurilemmoma developing in the upper extremity, the period required for recovery from postoperative neurological deficits was short when the duration of illness was short and when Antoni A type histology was present.
INTRODUCTION
The choice of surgical procedure for neurilemmoma depends on the location of the lesion and whether the affected nerve can be preserved during surgery. Patients treated with tumour enucleation usually show mild postoperative neurological deficits although they have a good prognosis. There have been few detailed studies on the pathological and therapeutic results of neurilemmoma. In this study, we evaluate the clinical pathology and postoperative outcomes of patients with neurilemmoma in the upper extremity who underwent tumour resection. The correlation factors for neurological deficits apart from enucleation of nerve fascicles are also discussed.
PATIENTS AND METHODS
20 patients (10 male and 10 female) with neurilemmoma in the upper extremity underwent tumour enucleation at the Tokyo Medical University between January 1990 and December 2001. The mean age of the patients at the time of surgery was 46.7 years (range, 13-69 years).
Magnetic resonance imaging was used to evaluate the state of lesions. All 20 patients underwent tumour enucleation, and none of them required nerve resection or nerve transplantation. To prevent postoperative neurological deficits, particularly motor paralysis, we confirmed the absence of the residual functional nerve on the tumour enucleation side by stimulating the tumour capsule using an electrical stimulation apparatus during surgery. Neurological deficits were examined at the final consultation. The mean follow-up period was 42 months (range, 13-66 months).
To evaluate the correlation factors for neurological deficits other than enucleation of nerve fascicles, patients were divided into 2 groups-group A, who developed deficits but recovered within 6 months; and group B, who developed deficits but recovered after more than 6 months. Duration of illness, the affected nerve, and the size and histological type of the tumour were then compared between the 2 groups.
RESULTS
Of the 20 patients, 12 patients had their right side affected and 8 patients had their left side affected. One patient had neurilemmoma in the axillary region, 5 patients in the brachium, 9 in the forearm, 4 in the palmar side of the wrist, and one in the dorsal side of the hand. 19 patients had a single nerve affected (7 in the median nerve, 4 in the radial nerve, 4 in the ulnar nerve, one in the digital nerve, and 3 in an unidentified nerve), the remaining one had multiple lesions over the anterior and posterior sides of the brachium, which involved the radial and musculocutaneous nerves.
The diameter of the tumours ranged from 1 cm to 5.5 cm. 18 of the 20 patients only had a tumour sensation as the initial symptom, whereas the remaining 2 had elbow pain and forearm discomfort as well. Preoperative physical evaluation showed a tumour mass in 19 patients, Tinel's sign in 16 patients, radiating pain in 6 patients, and constant sensory disturbance in 4 patients. No patient had definite motor paralysis. The mean duration of the illness from the onset of initial symptoms to surgery was 43.1 months (range, 1-180 months).
Magnetic resonance images of the tumour generally showed homogeneous low-intensity signals on T1-weighted images and homogeneousheterogeneous high-intensity signals on T2-weighted images. Morphologically, a well-delineated spindleshaped tumour shadow was observed along the nerve fascicles. The enucleated tumours in 6 patients were of the Antoni A type histology and those of the remaining 14 were of the mixed type (both Antoni A type and Antoni B type). Antoni B type alone was not observed.
Immediately after operation, 5 patients showed no neurological deficits, of whom 3 had a lesion in an unidentified nerve, one in the median nerve, and one in the ulnar nerve. All 5 patients with a lesion in the radial nerve showed neurological deficits including sensory disturbance alone (2 patients), complete motor and sensory disturbance (one patient), and partial motor and sensory disturbance (2 patients). All 5 patients with radial nerve lesion had complete recovery, but the one with complete motor and sensory disturbance required one year to fully recover. Ten of the 12 patients who had a lesion in the median nerve, ulnar nerve, or digital nerve showed neurological deficits of sensory disturbance. Eight of the 10 patients fully recovered within 10 months, the one patient with a lesion in the median nerve required 19 months to fully recovered, the remaining one patient with digital nerve neurilemmoma had continuing mild numbness on the ulnar side of the thumb even 3 years postoperatively.
One of the patients, a 59-year-old man, had swelling on the ulnar side of the left forearm for 2 years before presentation. Magnetic resonance images revealed a well-delineated lesion showing homogeneous low-intensity signals along the nerve fascicles on T1-weighted images and homogeneous high-intensity signals on T2-weighted images. A tumour mass in the ulnar nerve was observed during tumour enucleation. The tumour was 1.5 cm in diameter and of the Antoni A type neurilemmoma ( Figs. 1 and 2 ). He complained of numbness of the little finger immediately after operation, which disappeared after 5 months.
To evaluate the correlation factors for neurological deficits, patients were divided into 2 groupsgroup A, who developed deficits but recovered within 6 months; and group B, who developed deficits but recovered at or after more than 6 months. Three of the 5 patients without neurological deficits were excluded from analysis because the affected nerve was unidentified. As shown in the Table, the period required for the recovery of neurological deficits was significantly correlated to the duration of the illness (p=0.04) and the histological type of the tumour (p=0.03). However, the recovery period was not correlated to either the affected nerve or the tumour size. The recovery period tended to be shorter when the duration of the illness was short and the histological type was of the Antoni A type. The distribution of patients according to the histological type and the size of the tumour is shown in Fig. 3 . All 6 patients with Antoni A type histology had a tumour size of 3.4 cm in diameter or smaller, whereas 14 patients with mixed type histology had either multiple tumours or single tumours larger than 1.5 cm in diameter.
DISCUSSION
To reduce the risk of postoperative neurological deficits, a microscope and an electrical stimulation observed only transient neurological deficits on patients having resection of the affected nerve fascicles during enucleation of neurilemmoma, which suggested that the affected nerve fascicles had lost their function. Even the normal nerve fascicles were damaged during operation, a good prognosis with slight neurological deficits would be resulted. Concerning postoperative neurological deficits in patients with neurilemmoma developing in the brachial plexus, Fisher and Tate 2 reported 20 (54%) cases of postoperative neurological deficits in 37 patients; 7 of them remained permanently paralysed. Dart et al. 3 observed that 8 (57%) of 14 patients who had postoperative deficits, 3 of them remained permanently paralysed. Cutler and Gross 4 reported nerve reconstruction or suturing of the resected side after tumour resection. However, we did not perform nerve resections because the tumours in our series were benign.
CONCLUSION
We evaluated 20 patients with neurilemmoma developing in the upper extremity. All patients completely recovered from postoperative neurological deficits except one patient who had continuing numbness of the digital nerve. The recovery period was correlated to the duration of the illness and the histological type of the tumour. The period was short when the duration of illness was short and when Antoni A type histology was present. 
